INTRODUCTION
============

Diabetes mellitus (DM), a chronic metabolic disorder affecting approximately 285 million adults worldwide in 2010, is estimated to affect more than 439 million people by 2030 \[[@B1]\]. Cigarette smoking is a problematic social and health issue affecting more than 1.1 billion people worldwide \[[@B2]\]. Cigarette smoking is known to promote DM development by chronic systemic and pancreatic β-cell inflammation, aggravation of abdominal fat accumulation, increased sympathetic activity, and direct toxic damage of pancreatic β-cells \[[@B3][@B4][@B5]\]. Smoking also increases risks of microvascular and macrovascular complications by inflammation and endothelial dysfunction in already diagnosed diabetic patients \[[@B3][@B6][@B7]\].

As proven in many longitudinal studies, smoking is a definite major risk factor of many cardiovascular diseases, including hypertension, myocardial infarction, and stroke \[[@B8][@B9][@B10][@B11][@B12]\]. Several studies have shown valid association between smoking and DM \[[@B13][@B14][@B15][@B16]\]. However, direct causal association between the two in Asian population has not been reported, although smoking rates are higher in Asians compared to those in Caucasians.

In previous studies, classification of smoking status was usually based on self-reported questionnaire as it is easy and simple. However, this may result in underestimation of actual smokers and misclassification of smoking groups due to inaccurate self-report of current smoking status \[[@B17][@B18]\]. Cotinine, a main metabolite of nicotine, is a biomarker with high sensitivity and specificity used for cigarette smoking assessment \[[@B19][@B20][@B21]\]. A cross-sectional study has shown positive association between environmental smoking and DM in self-reported never smokers using serum cotinine, demonstrating the effectiveness of cotinine in verifying smoking exposure \[[@B22]\]. Therefore, the accuracy of smoking status classification can be enhanced by co-use of traditional self-reported questionnaires and objective biomarkers such as urinary cotinine.

The objective of the present large longitudinal study was to further elucidate the association between cigarette smoking and DM by assessing incidence of new-onset diabetes mellitus (NODM) in study cohort without baseline DM using both self-reported questionnaire and urine cotinine.

METHODS
=======

Study population
----------------

Initially, 131,010 Korean adults in Kangbuk Samsung Health Study (KSHS) and Kangbuk Samsung Cohort Study (KSCS) who visited between 2011 and 2012 were included in the study. Among them, 49,431 participants were excluded due to follow-up loss in 2014, 1,082 were excluded due to missing urinary cotinine and DM data, and 2,530 were excluded due to having baseline DM. Finally, 78,212 participants (46,148 males) with mean age of 38.3±5.5 years were included in the study. Their median follow-up was 27 months (range, 12 to 44 months) ([Supplementary Fig. 1](#S3){ref-type="supplementary-material"}).

KSHS is a retrospective cohort study of Korean adults who received annual or biennial examination at Total Healthcare Centers of Kangbuk Samsung Hospital from 2002 to 2011. KSCS is an ongoing prospective cohort study including the above study population since 2012. This study was approved by Institutional Review Board of Kangbuk Samsung Hospital (Approval no.: 2016-05-051) and informed consent was waived by the board.

Anthropometry and laboratory tests
----------------------------------

Information of underlying medical history including metabolic syndrome, hypertension and DM, baseline and follow-up smoking status (never, former, current smoking), amount (\<10, 10 to 19, ≥20 cigarettes/day) and duration (\<10, ≥10 years) of cigarette smoking, daily alcohol consumption (g/day), and percentage of individuals who consumed alcohol more than three times per week and exercised more than five times per week were evaluated with self-reported questionnaires. Waist circumference was measured at mid-level between lowest rib and iliac crest for central obesity assessment. Body mass index (BMI) was calculated as weight (kg) divided by height (m^2^). Systolic and diastolic blood pressures were measured by a trained nurse using standardized sphygmomanometer.

Laboratory examinations including serum glucose, glycosylated hemoglobin (HbA1c), total cholesterol, triglycerides (TG), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), high-sensitivity C-reactive protein (hs-CRP), blood urea nitrogen (BUN), and uric acid were conducted using an automated chemistry analyzer (Modular DPP; Roche Diagnostics, Tokyo, Japan) after at least 10 hours of fasting. Serum creatinine level was assessed with isotope dilution mass spectroscopy traceable method using Modular D2400 (Roche Diagnostics). Insulin resistance was assessed as homeostasis model assessment of insulin resistance (HOMA-IR) with the following equation: \[fasting blood glucose (mmol/L)×fasting insulin (µIU/mL)\]/22.5. Urine cotinine was measured after at least 10 hours of smoking cessation using DRI Cotinine Assay (Microgenics, Fremont, CA, USA) and Modular P800 (Roche Diagnostics).

Definition of 'self-reported' and 'cotinine-verified' smoking status
--------------------------------------------------------------------

Self-reported smoking status was classified according to self-reported response to the following question: What is the total number of cigarettes you smoked until now? Self-reported never smoking was defined as never smoking or smoking less than a total of five packs in one\'s life but currently non-smoking. Self-reported former smoking was defined as smoking more than a total of five packs in one\'s life but currently non-smoking. Self-reported current smoking was defined as currently smoking.

Cotinine-verified smoking status was classified according to urine cotinine level. Cotinine-verified current smoking was defined as having urine cotinine ≥50 ng/mL. Cut-off level of 50 ng/mL was used to classify cotinine-verified current non-smoking and cotinine-verified current smoking based on recommendations of Society for Research on Nicotine and Tobacco (SRNT) \[[@B23]\]. According to our previous study, cut-off level of 50 ng/mL yielded high sensitivity (84.8%) and specificity (98.2%) for classifying never and current smoking status \[[@B24]\].

Definition of diabetes mellitus and new-onset diabetes mellitus
---------------------------------------------------------------

DM was defined as having at least one of the following: fasting serum glucose ≥126 mg/dL (7.0 mmol/L), HbA1c ≥6.5% (48 mmol/mol), and taking antidiabetic medication(s). NODM was defined as having no DM at baseline but developing DM at follow-up.

Statistical analysis
--------------------

Data are expressed as mean±standard deviation or as median with interquartile ranges for continuous variables. Categorical variables are expressed as percentages (%). Serum TG, hs-CRP, HOMA-IR, and amount of daily alcohol consumption were log-transformed to correct for skewed distributions. Data in tables are expressed in untransformed data for easier interpretation.

Prevalence rate in each category of self-reported and cotinine-verified smoking status was calculated using descriptive statistics. Comparative baseline characteristic analysis of self-reported smoking groups was conducted using analysis of variance (ANOVA) or chi-square test. Comparative analyses between cotinine-verified current non-smokers and current smokers and between those with and without NODM were conducted using Student *t*-test or chi-square test. Multivariate cox-hazard regression analyses were performed to assess the association of NODM incidence with each category of self-reported and cotinine-verified smoking status. Multivariate model was adjusted for variables with a univariate relationship (*P*\<0.05), including age, sex, waist circumference, BMI, vigorous exercise (≥5 times per week), daily alcohol consumption, systolic blood pressure, BUN, creatinine, glucose, HDL-C, LDL-C, TG, and hs-CRP. Statistical analyses were performed with IBM SPPS version 24 (IBM Corp., Armonk, NY, USA). Statistical significance was considered when two-sided *P* value was less than 0.05.

RESULTS
=======

Characteristics of participants according to baseline self-reported and cotinine-verified smoking status
--------------------------------------------------------------------------------------------------------

According to baseline self-reported smoking questionnaire, prevalence rates of never smokers, former smokers, and current smokers were 55.5%, 18.6%, and 25.9%, respectively. The prevalence rate of baseline cotinine-verified current smokers was 23.5%.

Characteristics of baseline self-reported and cotinine-verified smoking groups are shown in [Table 1](#T1){ref-type="table"}, [Supplementary Table 1](#S1){ref-type="supplementary-material"}. All variables showed statistically significant differences. In particular, both self-reported and cotinine-verified current smoking groups had less favorable lifestyle patterns including higher rates of alcohol consumption and lower rates of vigorous exercise compared to the never smoking group.

Baseline characteristics of participants according to NODM status
-----------------------------------------------------------------

The NODM group subjects were older with higher proportions of males, those with underlying metabolic syndrome and hypertension than the non-NODM group. Subjects in the NODM group had less favorable cardiometabolic and renal profiles than those without NODM. They also had higher proportions of self-reported former smokers, self-reported current smokers, and cotinine-verified current smokers than those without NODM ([Table 2](#T2){ref-type="table"}).

Incidence of NODM according to baseline self-reported and cotinine-verified smoking status
------------------------------------------------------------------------------------------

Overall incidence of NODM was 1.5%. NODM incidence in baseline self-reported former smokers and self-reported current smokers was significantly higher than that in self-reported never smokers (2.0% or 2.4% vs. 0.9%, *P*\<0.001), with self-reported current smokers having the highest incidence ([Fig. 1A](#F1){ref-type="fig"}). NODM incidence in cotinine-verified current smokers was twice as high as that in cotinine-verified current non-smokers (2.4% vs. 1.2%, *P*\<0.001) ([Fig. 1B](#F1){ref-type="fig"}).

Association between self-reported and cotinine-verified smoking status and NODM
-------------------------------------------------------------------------------

In age- and sex-adjusted Cox-hazard regression analysis, cotinine-verified current smoking significantly increased the risk for NODM (relative risk \[RR\], 1.38; 95% confidence interval \[CI\], 1.22 to 1.57) ([Table 3](#T3){ref-type="table"}). In multivariate model, the RR was slightly attenuated. However, it remained statistically significant (RR, 1.27; 95% CI, 1.08 to 1.49). One increase in log-transformed cotinine level also increased the risk for NODM (RR, 1.04; 95% CI, 1.01 to 1.06). In the multivariate model, self-reported current smoking was also significantly associated with increased risk for NODM compared to self-reported never smoking (RR, 1.33; 95% CI, 1.07 to 1.65) whereas self-reported former smoking was not (RR, 1.18; 95% CI, 0.93 to 1.48). These results remained significant in males, although there was no gender interaction (*P*=0.108) ([Supplementary Table 2](#S2){ref-type="supplementary-material"}).

Associations of NODM with smoking amount and duration
-----------------------------------------------------

Higher amount and longer duration of smoking dose-dependently increased RR for NODM (*P*\<0.05). In particular, self-reported current smokers who smoked ≥20 cigarettes/day (RR, 1.64; 95% CI, 1.25 to 2.15) and ≥10 years (RR, 1.34; 95% CI, 1.08 to 1.67) had the highest RR for NODM compared to self-reported never smoking ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

According to this longitudinal study, there were higher proportions of baseline self-reported former and current smokers and cotinine-verified current smokers in those who developed NODM than those who did not. Risks for NODM were significantly higher in both self-reported and cotinine-verified current smoking groups compared to the self-reported never smoking and cotinine-verified current non-smoking group. Also, higher amount and longer duration of smoking were dose-dependently associated with increased risk of NODM.

Similar to results of our study, many previous cross-sectional and longitudinal studies have also stated that cigarette smoking is a risk factor for DM, with risk being as high as 30% to 40% in current smokers compared to never smokers \[[@B3][@B4][@B6][@B7]\]. Major difference between these above studies and ours was that the majority of previous studies classified smoking status using only self-reported questionnaire or information from medical records, which was the simplest and most conventional tool for smoking status classification. However, this method might hinder accurate classification of smoking status as not all study participants might have answered questionnaires truthfully due to social or medical disapproval. This misclassification error rate may be between 0.9% to 9.8% depending on different studies which is large enough to produce bias and wrong interpretation of study results. Our study minimized this classification error by employing both questionnaire ('self-reported') and urinary cotinine ('cotinine-verified') smoking classification systems. Our study showed that the predictability of cotinine-based categorization was slightly higher than questionnaire-based one according to Harrell\'s C index (C index=0.882 \[95% CI, 0.867 to 0.896\] vs. C index=0.879 \[95% CI, 0.865 to 0.894\]). The practical advantages of urine cotinine are that it is very easy to use, accurate (high sensitivity 84.8%, specificity 98.2%) \[[@B24]\], quick (1 to 2 minutes for results), non-invasive, and cheap (1 to 2 dollars). It is currently widely used in many public health centers and hospital smoke cessation clinics for smoking status evaluation. It is also an approved biomarker for smoking status assessment in 'Korean National Environmental Health Study.' Therefore, employment of dual smoking classification system is the key strength of this study.

Urine cotinine level may also increase in secondhand smokers (SHSs) and e-cigarette users. However, in this study the percentage of self-reported never-smokers with urine cotinine \>50 ng/mL were 1.7%, which includes possible misclassified actual current smokers as well as SHS exposed non-smokers. Therefore, the actual percentage of SHS is assumed to be lower. There is currently no cut-off urine cotinine value to distinguish SHS from current smokers. However, many studies comment that less than 20 ng/mL is usually detected in SHS \[[@B25][@B26]\]. Also, the percentage of nicotine containing e-cigarette use in among Korean population in 2011 to 2012 were less than 2%. Therefore, the possibility that secondary smoking or e-cigarette acted as bias in our study seems low.

Consistent with results of this study, our previous cross-sectional study has evaluated the relationship of DM prevalence with self-reported and cotinine-verified smoking and found a positive association between the two \[[@B13]\]. However, our previous study had a cross-sectional design which could not validate the causal relationship between the two. Since the present study has a longitudinal design to evaluate the risk of NODM in a study population without baseline DM, it can be speculated that current smoking may be a possible causal factor of NODM development.

Another significant finding of this study was that current smokers who smoked more than 20 cigarettes per day and those who smoked longer than 10 years had 64% and 34% higher risks, respectively, of NODM development compared to never smokers. In particular, current smokers who smoked more than 20 cigarettes had approximately 50% increased risk of NODM compared to those who smoked less than 10 cigarettes per day. Dose-dependent DM risk elevation is a consistent finding in many previous studies \[[@B27][@B28][@B29]\]. Processes of pancreatic β-cell dysfunction and insulin resistance are aggravated and accelerated in individuals who are exposed to increased amount and longer duration of nicotine. Therefore, assessment of amount and longevity of smoking or nicotine exposure should be conducted thoroughly when determining the risk of NODM development.

An interesting finding of this study was that self-reported former smoking did not increase the risk of NODM development. There have been conflicting opinions on whether former smoking is associated with increased DM risk \[[@B28][@B30][@B31]\]. In early stages of smoking cessation, weight gain, especially that in the central abdominal region, can lead to impaired glucose tolerance, insulin resistance, and DM. However, in a long-term aspect, smoking cessation is associated with overall reduction in DM risk \[[@B30]\]. Results of the present study suggest that effects of smoking on insulin resistance, glucose control, and consequent DM development may be reversible. However, because lifestyle patterns and metabolic syndrome factors including blood pressure, TG, HDL-C and glucose levels in former smokers were slightly better than current smokers, this could have had a counterbalancing effect on association between smoking and NODM incidence.

Results of our study did not show significant interaction between genders, although it was more evident in males (*P* for interaction=0.108). The reason for this may be due to relatively smaller proportions of females who were self-reported and cotinine-verified current smokers in this study (self-reported: 2.6%; cotinine-verified: 5.8%). For more accurate analysis, future study should be conducted with similar gender proportions of current smokers. However, this is hard to realize as there is a big percentage difference between Korean male and female current smokers (male vs. female current smokers in Korea in 2016: 40.7% vs. 6.4%) \[[@B32]\].

This study has some limitations. First, diagnosis of NODM in this study did not include 2-hour plasma glucose level, one of criteria in DM diagnosis guideline by American Diabetes Association. This may have underestimated NODM incidence. In addition, median follow-up period of 27 months might be insufficient for accurate evaluation of NODM as progression from normal to impaired glucose tolerance and subsequent DM might occur throughout a period of 5 to 15 years \[[@B33]\]. The average age of study population was approximately 38 years. However, DM prevalence in Korea is approximately twice in those over 65 years compared to that in those over 30 years (29.8% vs. 14.4%) \[[@B34]\]. This indicates that NODM incidence might have been underestimated. Also, information on duration and amount of former smoking in self-reported former smokers is not available. The above limitations might be the reason for weak statistical power in analyzing the association between self-reported former smoking and DM. Therefore, future studies with longer follow-up period and additional information on former smokers are needed. Second, genetic components, which were not evaluated in this study, may have affected NODM development. Current studies have identified more than 50 loci associated with pancreatic β-cell dysfunction and DM development, including peroxisome proliferator-activated receptor gamma (PPARγ) gene \[[@B35][@B36]\]. As NODM in mid-thirties is a considerably early phenomenon compared to average DM development process, genetic factors might have confounding influence in this study. However, gene analysis would be difficult to conduct in large-scaled population-based study due to ethical and cost issues. Third, combined effects of abdominal obesity evaluated by waist circumference, lack of physical exercise, higher percentage of frequent alcohol consumption, and co-morbid cardiometabolic diseases might have affected results of our study as they are known risk factors for DM. However, most of the above factors were adjusted in our multivariate analyses and results were consistent with statistical significance.

The major strength of our study was that it was the first and the largest observational study of Asian population to evaluate the association between cigarette smoking and DM risk by employing two different smoking classification methods to minimize classification error.

In conclusion, this longitudinal study shows that baseline self-reported and cotinine-verified current smoking are associated with increased risks of NODM in Korean adults compared to baseline never smoking while former smoking does not show statistically significant association. NODM risk is also increased dose-dependently in current smokers with higher daily amount and longer duration of smoking. Therefore, cigarette smoking cessation should be actively recommended and educated to patients in clinical settings as it may be a reversible and modifiable risk factor of DM development.
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###### Supplementary Table 1

Baseline characteristics according to self-reported smoking status

###### Supplementary Table 2

Multivariate Cox-hazard regression analyses for association of NODM with baseline cotinine-verified and self-reported smoking status according to sex

###### Supplementary Fig. 1

Flow chart for sample selection criteria.

![(A) New-onset diabetes mellitus (NODM) incidence in baseline self-reported smoking groups. (B) NODM incidence in baseline cotinine-verified smoking groups.](dmj-44-426-g001){#F1}

###### Baseline characteristics according to cotinine-verified smoking status

![](dmj-44-426-i001)

  Characteristic                      Cotinine-verified current non-smokers (*n*=59,843)   Cotinine-verified current smokers (*n*=18,369)
  ----------------------------------- ---------------------------------------------------- ------------------------------------------------
  Age, yr                             38.2±5.6                                             38.8±5.4
  Male sex                            28,849 (48.2)                                        17,299 (94.2)
  Body mass index, kg/m^2^            22.9±3.2                                             24.4±3.1
  Waist circumference, cm             80.4±9.2                                             85.9±8.5
  Systolic blood pressure, mm Hg      108.0±13.2                                           113.4±11.9
  Diastolic blood pressure, mm Hg     69.3±10.1                                            73.3±9.7
  Total cholesterol, mmol/L           5.0±0.9                                              5.2±0.9
  Triglycerides, mmol/L               1.0 (0.7--1.4)                                       1.4 (1.0--2.1)
  LDL-C, mmol/L                       3.1±0.8                                              3.3±0.8
  HDL-C, mmol/L                       1.5±0.4                                              1.3±0.3
  Blood urea nitrogen, mmol/L         4.4±1.1                                              4.5±1.1
  Creatinine, μmol/L                  74.9±16.6                                            85.4±12.1
  Uric acid, μmol/L                   303.0±86.5                                           358.3±75.4
  hs-CRP, mg/dL                       0.4 (0.2--0.8)                                       0.5 (0.3--1.0)
  Glucose, mmol/L                     5.2±0.5                                              5.3±0.5
  HbA1c, % (mmol/mol)                 5.6±0.3 (38±0.8)                                     5.6±0.3 (38±0.8)
  HOMA-IR                             1.1 (0.7--1.6)                                       1.2 (0.8--1.8)
  Urinary cotinine, ng/mL             0.0 (0.0--0.0)                                       944.0 (447.0--1575.0)
  Daily alcohol consumption, g/day    5.0 (2.0--14.0)                                      14.0 (7.0--32.0)
  Alcohol consumption (≥3 times/wk)   5,736/54,483 (10.5)                                  4,354/17,898 (24.3)
  Vigorous exercise (≥5 times/wk)     2,359/57,790 (4.1)                                   503/17,905 (2.8)
  Metabolic syndrome                  3,698/46,097 (8.0)                                   2,313/13,377 (17.3)
  Hypertension                        3,614/59,720 (6.1)                                   1,623/18,332 (8.9)
  Self-reported smoking status                                                             
   Never smoker                       36,631/49,949 (73.3)                                 634/17,192 (3.7)
   Former smoker                      11,621/49,949 (23.3)                                 878/17,192 (5.1)
   Current smoker                     1,697/49,949 (3.4)                                   15,680/17,192 (91.2)

Values are presented as mean±standard deviation, number (%), or median (interquartile range). Triglyceride, hs-CRP, cotinine, daily alcohol amount, and HOMA-IR were log-transformed for this analysis. *P* values were based on Student\'s *t*-test or chi-square test. *P* value for all variables are \<0.001.

LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; HbA1c, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance.

###### Baseline characteristics according to NODM status

![](dmj-44-426-i002)

  Characteristic                      NODM (--) (*n*=77,053)   NODM (+) (*n*=1,159)   *P* value
  ----------------------------------- ------------------------ ---------------------- -----------
  Age, yr                             38.3±5.5                 41.4±5.7               \<0.001
  Male sex                            45,222 (58.7)            926 (79.9)             \<0.001
  Body mass index, kg/m^2^            23.2±3.2                 26.2±3.7               \<0.001
  Waist circumference, cm             81.5±9.2                 89.7±9.8               \<0.001
  Systolic blood pressure, mm Hg      109.1±13.0               117.9±13.4             \<0.001
  Diastolic blood pressure, mm Hg     70.1±10.1                76.6±10.8              \<0.001
  Total cholesterol, mmol/L           5.0±0.9                  5.2±1.0                \<0.001
  Triglycerides, mmol/L               1.1 (0.7--1.6)           1.6 (1.1--2.4)         \<0.001
  LDL-C, mmol/L                       3.1±0.8                  3.5±0.9                \<0.001
  HDL-C, mmol/L                       1.5±0.4                  1.3±0.3                \<0.001
  Blood urea nitrogen, mmol/L         4.4±1.1                  4.7±1.1                \<0.001
  Creatinine, μmol/L                  77.3±16.3                82.5±14.8              \<0.001
  Uric acid, μmol/L                   315.4±87.1               357.4±87.1             \<0.001
  hs-CRP, mg/L                        0.4 (0.2--0.8)           0.8 (0.4--1.5)         \<0.001
  Glucose, mmol/L                     5.2±0.5                  6.0±0.6                \<0.001
  HbA1c, % (mmol/mol)                 5.6±0.3 (38±0.8)         6.0±0.3 (42±0.8)       \<0.001
  HOMA-IR                             1.1 (0.7--1.7)           1.9 (1.2--2.9)         \<0.001
  Urinary cotinine, ng/mL             0.0 (0.0--0.0)           0.0 (0.0--692.0)       \<0.001
  Daily alcohol consumption, g/day    6.0 (3.0--17.0)          13.0 (4.0--34.0)       \<0.001
  Alcohol consumption (≥3 times/wk)   9,855/71,303 (13.8)      235/1,078 (21.8)       \<0.001
  Vigorous exercise (≥5 times/wk)     2,820/74,587 (3.8)       42/1,108 (3.8)         0.946
  Metabolic syndrome                  5,646/58,655 (9.6)       368/819 (44.9)         \<0.001
  Hypertension                        5,007/76,899 (6.5)       230/1,153 (19.9)       \<0.001
  Self-reported smoking status                                                        \<0.001
   Never smoker                       36,931/66,150 (55.8)     334/991 (33.7)         
   Former smoker                      12,254/66,150 (18.5)     245/991 (24.7)         
   Current smoker                     16,965/66,150 (25.6)     412/991 (41.6)         
  Cotinine-verified smoking status                                                    \<0.001
   Current non-smoker                 59,129 (76.7)            714 (61.6)             
   Current smoker                     17,924 (23.3)            445 (38.4)             

Values are presented as mean±standard deviation, number (%), or median (interquartile range). Triglyceride, hs-CRP, cotinine, daily alcohol amount, and HOMA-IR were log-transformed for this analysis. *P* values were based on Student\'s *t*-test or chi-square test.

NODM, new-onset diabetes mellitus; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; HbA1c, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance.

###### Multivariate Cox-hazard regression analyses for association of NODM with baseline cotinine-verified and self-reported smoking status, smoking amount, and smoking duration

![](dmj-44-426-i003)

  Variable                                                          RR (95% CI)         *P* value           
  ----------------------------------------------------------------- ------------------- ------------------- -------
  Urinary cotinine level^a^                                         1.05 (1.03--1.07)   1.04 (1.01--1.06)   
  Cotinine-verified current smoking^b^                              1.38 (1.22--1.57)   1.27 (1.08--1.49)   
  Self-reported former smoking^c^                                   1.32 (1.09--1.59)   1.18 (0.93--1.48)   
  Self-reported current smoking^c^                                  1.57 (1.32--1.86)   1.33 (1.07--1.65)   
  Smoking amount in self-reported current smokers, cigarettes/day                                           0.002
   \<10^c^                                                          1.03 (0.75--1.41)   1.11 (0.76--1.62)   
   10--19^c^                                                        1.51 (1.24--1.84)   1.24 (0.97--1.59)   
   ≥20^c^                                                           2.05 (1.65--2.54)   1.64 (1.25--2.15)   
  Smoking duration in self-reported current smokers, yr                                                     0.010
   \<10^c^                                                          1.71 (0.98--2.99)   1.30 (0.66--2.57)   
   ≥10^c^                                                           1.55 (1.31--1.84)   1.34 (1.08--1.67)   
  Pack-year in self-reported current smokers (pack×year)^c^         1.03 (1.02--1.04)   1.02 (1.01--1.03)   0.010

Multivariate model was adjusted for age, sex, waist circumference, body mass index, vigorous exercise (≥5 times/week), daily alcohol consumption, systolic blood pressure, blood urea nitrogen, creatinine, glucose, uric acid, low density lipoprotein cholesterol, high density lipoprotein cholesterol, triglyceride, and high-sensitivity C-reactive protein.

NODM, new-onset diabetes mellitus; RR, relative risk; CI, confidence interval.

^a^This value was log-transformed for the analysis, ^b^Reference group is baseline cotinine-verified current non-smoking, ^c^Reference group is baseline self-reported never smoking.

[^1]: ^\*^Ji Hye Kim and Dae Cheol Seo contributed equally to this study as first authors.
